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In spite of the constant reiteration in almost every publication on typhoid fever that bacteriological examination of the blood is the diagnostic method of choice in the early stage of the disease, coupled with the steady stream of post-war publications emphasizing the uselessness of the Widal test at this time, it is remarkable how many requests for the latter are still made as the primary test and how few for the former. The determining factor is probably convenience, and although it has been possible to insist on blood cultures being done in hospital practice, it will be a long time before a similar routine can be effectively established in the mission outstations or in the field. A practical routine for the demonstration of the causative organism in the clotted blood specimen sent for the Widal test would turn a probably useless specimen into one of certain diagnostic value.
As early as 1906 Fornet demonstrated that clot culture was a practical procedure. We know that many tropical and sub-tropical laboratories use such a technique, as we have done in West Africa, India, and China, but the only references to it in the literature of the last 30 years appear to be those of Felix (1924) and Downie and Fairbrother (1934) .
In the past it has been our practice to add the whole blood clot after separation of the serum (representing 4-5 ml. blood) to 10 ml. 0.5% sodium taurocholate broth in a screw-capped bottle, and, after vigorous shaking, to incubate and plate out on to Wilson and Blair's medium daily. A preliminary series of duplicate experiments showed that bile salt broth was preferable to " selenite " F broth, as the latter was inhibitory during the long incubation period required. At first the clots were incubated for 10 days before discarding, and the majority of those yielding a growth of S. typhi did so on the sixth or seventh day. Following the observations of Batty Shaw and Mackay (1951) Similar series of streptokinase-bile salt broth tubes were set up and inoculated with one loopful of a six-hour digest broth culture of S. typhi. Twentyone recently isolated virulent strains together with the stock laboratory strains 901-0, Ty2, and Bhatnagar ViI were tested. After overnight incubation no inhibition of growth was found when compared with the control tubes with concentrations of streptokinase up to 250 units per ml. There was a slight inhibition at 500 units per ml. and complete inhibition at 1,000 units per ml.
Stability of Streptokinase in Bile Salt Broth
The inhibitory action of 1,000 units per ml. of streptokinase was used to estimate its stability in bile salt broth. Two series of bile salt broth tubes were prepared containing this concentration of streptokinase, one being left at room temperature (about 22°C.), and the other stored at 40 C. One bottle of each series was inoculated daily for 21 days, together with a control, with one drop of an overnight culture of S. typhi, and both were incubated overnight. In every case inhibition of growth in the streptokinase tubes was comnplete. The conclusion that there was no appreciable loss of enzyme activity over this period was confirmed by the more accurate assay technique described by Cathie (1949).
Recovery of S. typhi from Artificially Infected
Clots A number of artificially infected clots of 6 ml. volume were prepared, each containing approximately 100 organisms of a recently isolated strain of S. tvphi. These were bisected under sterile conditions and the halves inoculated into 10 ml. bile salt broth and 10 ml. bile salt broth containing 100 units per ml. streptokinase respectively, each tube thus containing approximately 50 organisms embedded in 3 ml. blood clot. The tubes were incubated and plated out daily for 14 days on to Wilkson and Blair's medium. Twentyfour such clots were tested with the following results:
Viability of S. typhi in Blood Clot
Twenty-four artificially infected clots were prepared and bisected as above. One-half of each was inoculated into streptokinase broth, and S. typhi was recovered from these in every case. Of the remaining halves, 12 were stored at 370 C. and 12 at 4°C. for 14 days and then inoculated into streptokinase broth. S. typhi was recovered from all the refrigerated clots, but failed to grow from the 370 C. series within 14 days. It is probable, therefore, that part at least of the cause of our not being able to recover viable organisms from clots which have been sent by post or rail in the Natal climate lies in a direct action of the blood upon the bacteria. This point is being investigated further.
Application to Routine Diagnosis
To investigate the practicability of this method for routine diagnosis 350 clots from Widal specimens sent to this laboratory were cultured in parallel in plain bile salt broth and in bile salt broth containing 100 units per ml. streptokinase. The specimens are received in a sterile 75 x 12 mm. glass tube with a rubber bung. After separation of serum, the clots are decanted into a sterile petri dish and bisected with two sterile microscope slides, the halves being inoculated into 10-ml. volumes of the respective media. Daily subcultures for 14 days are made on to WilsonBlair's bismuth-sulphite agar. By using a numbered template mounted on a sheet of glass illuminated from below and a 5-mm. loop, it is possible to spot 25 subcultures on to a standard 90-mm. plate. Positive cultures yielded a black ring of growth at the periphery of the spot with the typical metallic sheen after 24 to 36 hours' incubation ( Fig. 1) Thus 100% of the streptokinase broth cultures gave positive isolations within three days, the comparative figure for bile salt broth alone being 41.5%, while 37.5% of the latter were still negative after 14 days. tive or suspicious spots are subcultured, and the organism identified in the usual manner. It was found convenient to continue spotting positive cultures throughout the fortnight, as the position of the positive spot on the plate served as an additional check on the accuracy of plating. The whole investigation required nearly 10,000 spot cultures.
Typhoid is endemic in the native reserves of Natal, and normally some 300 isolations are made annually in this laboratory. Unfortunately, this investigation was made in the two winter months when the incidence is at its lowest, so that only 20 cases were proved bacteriologically during this period. The results, however, appear sufficiently striking to warrant reporting. Of the 20, one yielded a positive blood culture, showed an 0 titre of 640, but failed to give a positive clot culture in either of the two media. The blood culture and Widal specimens were taken at the same time. This is the only case in which a positive blood culture and negative clot culture has been observed. In one other case the clot was too small to split and was inoculated into streptokinase broth only, yielding a growth of S. typhi on the first day. Of the remaining 18, 16 yielded S. typhi and two S. paratyphi A (Table I) . Of the 18 clots, 17 were positive in the first three days in streptokinase broth, while only eight were positive in bile salt broth. The eighteenth was positive on the fourth day in the former; this clot was contaminated and a pure culture of S. typhi was only obtained on that day. In plain bile salt broth one became positive on the fourth day, two on the fifth and one on the eighth day, while the remaining six (33.3%) were still negative on the fourteenth day. Of the streptokinase isolations, the average time for a positive culture to appear was 2.1 days. Only twothirds of the parallel bile salt cultures were positive, becoming thus at an average of 3.2 days.
The Widal tests were positive at a " diagnostic ' titre in eight of the 19, the remaining 11 being negative. Parallel blood cultures in 35 ml. bile salt broth were sent in only six cases. Of these, two were positive on the first day, two on the tenth-eleventh day, and two negative on the twenty-first day. Visible clot was still present at this time. In both of the negative cases the bile salt clot culture was negative on the fourteenth day, while the streptokinase cultures were positive on the second and third day respectively.
Discussion
Although this series is small, we feel that the use of streptokinase bile salt broth for clot culture offers an additional practical technique for the positive bacteriological diagnosis of enteric fever. In 19 cases S. typhi or S. paratyphi A was isolated from streptokinase broth within four days, the average time to produce a positive result being 2.1 days.
Bile salt broth cultures yielded positive results in 12 cases after one to eight days' incubation (average 3.2 days), and remained negative after 14 days in six cases which gave positive streptokinase broth isolations. Similar results were obtained with artificially infected clots.
Streptokinase is stable in bile salt broth for at least 14 days.
The use of streptokinase bile salt broth offers a rapid means of diagnosing enteric fever in domiciliary practice when only a clotted blood specimen can be obtained.
